For the n − 1 dimensional FRW domain wall universe induced by n dimensional charged dilaton black hole, its movement formula in the bulk can be rewrite as the expansion or collapsing of domain wall. By analysing, we found that in this static AdS space, the cosmologic behaviour of domain wall is particular single. Even more surprising, it exists an anomaly that the domain wall has a motion area outside of horizon, in which it cannot be explained by our classical theory.
I. INTRODUCTION
As we know that general relativity (GR) is not only a beautiful theory but also consistent with the observations. But there are still many problems that GR can't solve [1] . Now we can not define which inflation model is the most accurate [2] and it also includes the problem of dark matter and dark energy [3] - [5] . Thus other gravity theory is coming into being such as f (R) gravity [6] , Brans-Dicke gravity [7] , higher-order gravitational theory [8] , dilaton gravity [9] and so on [10] , [11] .
Among these theories beyond GR, dilaton gravity is regarded as the low energy limit of string theory. Adding dilaton field will take many interesting characters such as dilaton charged black hole. Ref. [12] got a calss metric solutions that is neither asympototically flat nor (A)dS . These solutions just have a singularity on the origin. Also when the dilaton potential is token as Liouville type, People can gain different black hole solutions [13] - [18] . Then C. J. Gao and S. N. Zhang present the AdS metric solution in the charged dilaton black hole [19] , [20] .
The AdS/CFT duality originated from superstring theory is one of the best applications for the AdS spacetime [21] . And the holography in the charged dilaton black hole have been studied deeply [22] - [26] .
Because of the speciality and important of AdS space [27] , in which many physics have been discussed [28] , it is necessary to study the motion of domain wall in the charged AdS dilaton black hole bulk now [29] , [30] . Indeed, we find that its motion is single and it exists an anomaly that is not explained by our classical theory.
Our paper is arranged as follow. In section II, we introduce the charged dilaton black hole bulk. Its metric solution shows the (A)dS characater. In section III, we describle a bulk-wall system in which, the Friedmann equations on the domain wall can be induced by the Israel matching conditions. Thus we can rewrite the equations of motion of the domain wall in the bulk as the expression of expansion or collapsing of that. In the section IV, we specifically analyze the motion of domain wall by the speed-coordinates diagram. It found that in this AdS space, the motion of domain wall is single. Meanwhile it exists an anomaly. In section V, we make the conclusions and discussion.
II. CHARGED DILATON BLACK HOLE BULK
In the theory of n dimensional Einstein-Maxwelldilaton gravity, the action is
(1) where R is the Ricci scalar, φ and V(φ) is the dilaton field and dilaton potential.
the electromagnetic tentor. The constant α denotes the coupling strength between the Maxwell field and the dilaton field. The potential function is taken as
where Λ is cosmology constant and Λ = − (n−1)(n−2) 2l 2 . Varing action (1) with respect to the metric g AB , dilaton field φ, Maxwell field A M , respectively, the dynamic equations can be gotten.
+ 2e
The form of metric is
where dΩ 2 n−2 is the line element of n−2 dimensional space with constant scalar curvature(n − 2)(n − 3)k. k = 0, ±1 donates the topology of horizon as to be plane, sphheric and hyperbolic respectively.
Taking this metric (6) into the Maxwell field equation, it will have
where we just conside the Maxwell field as electric charge and q is the charge of black hole. Using the metric and the dilaton potential function, these field equations can be solved as (the detail can be found by the Ref. [20] .
where b and c are integration constants with the length of the dimension. The charge q related with b and c is
III. THE DYNAMIC EQUATION OF DOMAIN WALL
For a domain wall-bulk system, n − 1 dimensional domain wall is embedded into the bulk in parallel. Here we want to take n = 5 for explaining the physics. Firstly, we take the position of one object X A (t, r, x, y, z) in the bulk coordinate, while it is x µ (τ, x, y, z) in the domain wall coordinate [31] . The domain wall move along with the coordinate r in the bulk. When we consider the domain wall as our universe, it shows four dimensional FRW spacetime can be induced by the five dimensional bulk metric, namely, X A (x µ ) = (t(τ ), r(τ ), x, y, z). Next we will get it. We ansatz the generally static metric as
The velocity of object is V A (ṫ,ṙ, 0, 0, 0). The ovedots and primes is differentiation with respect to τ and r respectively in the next place. According to the condition g AB V A V B = −1, it can be obtained that is
Thus, the form of induced FRW metric is
Then it should be know that the extrinsic curvature for the wall is
where n A (m, l, 0, 0, 0) is the normal vectora and h AB is the induced metric of domain wall.
Using the conditions
we have the expression of n A
Thus the components of extrinsic curvature can be written as
In the n − 1 dimensional domain wall, the action is
where K = h AB K AB , L M the matter on the domain wall and we do the conform transform for the h µν [32] ,
The total action of system is
Varying the action (25) with respect to the metric g AB and the scalar field φ, the field equations on the domain wall can be written as
Here we will assume that the domain wall has a Z 2 symmetry and the {} − wil be used to calculate. When we consider the matter as the perfect fluid on the domain wall, the energy tensor T µ ν = Dig(−ρ, P, P, P ). Expanding Eq. (3), when n = 5, we can acquire a equation.
Taking the Eqs. (21, 22, 28) into the Eqs. (26, 27) , the boundry equations on the domain wall are
where the Habble constant H =Ṙ R = R ′ṙ R and w = P ρ . Taking the Eq. (30) and the bulk metric (6) into Eq. (31), the expression of density ρ is
where ρ 0 is a constant. Combining Eqs. (6, 32) with Eq. (29), the dynamic equation of domain wall iṡ
We will take metric into Eq. (33), it has
Here it is the process of potential energy into kinetic energy. Finally Potential energy V (r) will become to be kinetic energy in the infinity.
IV. THE EVOLUTION PROCESS
Here we get the evolution equation (33) of domain wall, it indicates that V (r) must be big than zero. Because of the complexity of V (r), it is difficult that knows its montonicity by analyzing these parameters w, α in the all range of r. But using the increasing character of exponential functions, we can know the laws of V (r) in the r > 1 easily in the range of different parameters. Thus when we scan the all parameters range in the r > 1 in the picture, once the parameters are definite, the all image of V (r) is clear in the 0 < r < ∞. Then according the speed-position pictures, the evolution of domain wall along with the time can be shown in the different topology. Meanwhile we want to know the more characates of AdS space, so that Λ = −1. In fact we know from the follow contents that in the dS and flat space, the motion of doain wall is expansion in the whole motor process.
Type I: k = 1.
Case (i)
Due to the montonicity of function, r
Compairing the first and the second terms, its deformation is
Similarly, if V (r) is larger than zero, it needs
Thus we have
Then using the character of exponential function and the Eq. (37) the range of parameters w, α can be determinated as w < 1, α ∈ R. For the range 0 < r < 1 2 (1 + √ 1 + 4b 2 ), In fact, we don't needs analyse its parameter. Because once we scan the parameters in the r > Suprisedly, when k = 1, domain wall will exist an abnormal region that the potential is negative out of the horizon. Thus we can not explain this anomaly using classcial physics. We guess that the domain wall should exist a quantum behaviour, such as tunnel effect. The transmlss probability is decided by the energy of domain wall and the width of tunnel. Here we mainly want to study the motion of domain wall. So this anomaly will be researched in our next paper.
In a ward, we will find that ifṙ > 0, the domainwall firstly goes through an anomaly then accelerative expansion from the FIG. (1) . Ifṫ < 0, the domain wall collpases until it stops outside of the horizon.
Case (ii): If r > c > 1 2 (1 + √ 1 + 4b 2 ) > b, we still plan to take the way that for the big range c < r < ∞ we use the monotonous character of exponential function to scan the all range of parameters satisfied with V (r) > 0; for the rest range of r, we can look the functional pictures directly. So its result is same to the above scenario. Its functional images are following that In this case, it indicates that the domain wall is firstly accelerative expansion reached a maximum value then decreasing expansion until a minimal value followed by accelerative expansion again. At the same time, the length of the first stage of accelerative expansion and decrreasing expansion the is related to the parameters α, w, c from the FIG. (2) .
Type II:
We take the range r > 1 2 (1 + √ 1 + 4b 2 ) to scan the parameters space. Because of (r
Thus if V (r) > 0, it needs to compare the second and the third term. its result can be acqiured by the first scenairo. So the range of parameters are w < 1, α ∈ R.
In this situation, the image is as follow.
Obvering the FIG. (3) , it can be found that this situation is similar to the case (ii) of k = −1. But it is diferent that when c is small, the length of the first stage of accelerative expansion and decrreasing expansion is more smaller.
Type III: k = −1. 
It has (r 2 − b 2 )
2−2α
2 +8 , Thus For k = −1, it shows that for this two cases the motion of domain wall is same to the previous examples such k = 0 from their picture.
Generally, in a AdS space, if the backgroud is the static charged dilato black hole, the motion of domain wall is always firstly accelerative expansion reached a maximum value then decreasing expansion until a minimal value followed by accelerative expansion again. Its motion is pretty single. But it exists an anomaly when k = −1 and c is smaller. For this case, we can not use the classical thery to explain it.
V. CONSLUSIONS AND DISCUSSION
In the AdS space, the n − 1 dimensional FRW domain wall universe can be induced by the n dimensional dilaton charged black hole bulk. We use the metric solved by the Gao and Zhang [20] to analyse the cosmologic behaviour of domain wall. By the Israel matching conditions, we can rewrite the motion of domain wall in the bulk as the expansion and collapse of domain wall. In the course of analysis, we use a novel way that on the larged region of motion, we use the montonicity of exponential function to define the parameters range satisfying the condition V (r) > 0. Then by scaning all parameters range, the motion images can be made easily in the whole area. We choose three different topologies of horizon to observe the behaviour of domain wall. It is found that the motion of domain wall is single that is firstly accelerative expansion reached a maximum value then decreasing expansion until a minimal value followed by accelerative expansion again. Also the length of first stage of accelerative expansion and then descrising expansion is determined by the parameters w, α, c. But it is excited that when k = 1 and 1 2 (1 + √ 1 + 4b 2 ) > c, we found it exists an anomaly that the potential energy of domain wall is negative in certain location outside of horizon. we guess that the domain wall may have the tunnel effect. In fact, not only the single cosmologic behaviour but also the anomaly, it all demonstrate the AdS space's specificity and the significance of this study.
For the discussible works, when we know how the domain wall universe evolves in the charged AdS dilaton black hole background, the stability of universe is interested for us. Simplify, we don't think the fluctuation of bulk, while it just allows the domain wall to do perturbation [33] , [34] . Then we also want to study the cosmologic anomaly. If it is belong to a quantum effect, will it have a relation with the Hawhing radiation? Also we want to calculate the observations in different cosmologic stage, such as, inflation, reheating and so all. This will provide strong evidence for the existence of the domain wall universe and extra dimension.
